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(57) A method for use in a material decomposition
procedure applied to dual-energy CT projection data. Ma-
terial decomposition is often done using pre-computed
lookup tables (LUTs) for mapping input projection data,
acquired with particular X-ray source parameters, to ma-
terial data values. However, the X-ray source parameters
can vary over the course of a scan, making the results
inaccurate. Embodiments are based on determining in
advance a plurality of sets of basis LUTs for each of a
plurality of different possible ranges of values over which
the X-ray source parameter may vary during a scan. The
basis LUTs in each set are devised as being LUTs which
represent the majority contribution to the overall material
decomposition function for the time-varying energy spec-
trum. When performing a material decomposition proce-
dure, an appropriate set of the basis LUTs is chosen,
based on an identified range of variation of the X-ray
source parameter during the scan, and a linear combi-
nation of the basis LUTs is defined, using weightings
which depend upon instantaneous values of the X-ray
source parameter during the scan period.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a method for use in a material decomposition procedure applied to CT scan
data, in particular to dual energy CT scan data.

BACKGROUND OF THE INVENTION

[0002] A computed tomography (CT) scanner includes an X-ray radiation generator mounted on a rotatable gantry
opposite one or more detectors. The X-ray generator rotates around an examination region located between the X-ray
generator and the one or more detectors and emits (typically polychromatic) radiation that traverses the examination
region and a subject and/or object disposed in the examination region. The one or more detectors detect radiation that
traverses the examination region and generate a signal (or projection data) indicative of the examination region and the
subject and/or object disposed therein. The projection data refers to the detector data.

[0003] Within the field of CT imaging technology, two varieties of CT imaging can be distinguished: spectral CT imaging
and non-spectral CT imaging.

[0004] A non-spectral computed tomography (CT) scanner generally includes an X-ray tube mounted on the rotatable
gantry opposite one or more rows of detectors. The X-ray tube rotates around the examination region and emits broadband
radiation that traverses the examination region. A key parameter is the peak kilovoltage (kVp), which is the maximum
voltage applied across the X-ray tube during generation of X-rays.

[0005] For example, with a peak (maximum) tube voltage of 120 kV (i.e. 120 kVp), the energy spectrum of the emitted
radiation (with filtering of low energy photons) may be from 40 keV to 120 keV. The one or more rows of detectors detect
radiation that traverses the examination region and generate projection data (line integrals) indicative thereof. The
projection data is reconstructed to generate volumetric image data.

[0006] The voxels of the reconstructed volumetric image data are typically displayed using gray scale values corre-
sponding to relative radiodensity. The gray scale values reflect the attenuation characteristics of the scanned subject
and generally show structures such as anatomical structures within the scanned subject. Since the attenuation of a
photon by a material is dependent on the energy of the photon traversing the material, the detected radiation also includes
spectral information, which provides additional information indicative of the elemental or material composition (e.g.,
atomic number) of the scanned material of the subject. However, the values of the projection data are proportional to
the energy fluence integrated over the energy spectrum (e.g., 40 keV to 120 keV), and the volumetric image data does
not reflect the energy dependent information.

[0007] A spectral (multi-energy) CT scanner is configured to generate projection data at multiple different spectra.
Multiple measurements with different spectra enable obtaining information about the energy dependent attenuation of
the X-ray. This is known as spectral X-ray imaging. Spectral X-ray data allows for discerning and quantifying materials
comprised by the scanned object.

[0008] One of the methods for performing spectral imaging is kVp switching, in which a tube voltage is cyclically
switched between or through at least two different tube voltages. A single X-ray tube may be switched through different
operating peak voltages, or two or more X-ray tubes may be used, configured to emit radiation having different mean
spectra, and sequentially driven.

[0009] By way of example, in a dual-energy configuration, a first voltage (e.g., a lower kVp) is applied to the X-ray
tube for a first integration period, a second voltage (e.g., a higher kVp) s applied to the X-ray tube for a second integration
period, the first voltage is applied to the X-ray tube for a third integration period, the second voltage is applied to the X-
ray tube for a fourth integration period, and so on.

[0010] The lower and higher kV projection (i.e. attenuation) data can be decomposed, e.g., into attenuation by the
photoelectric effect and by Compton scattering, which may then be individually reconstructed and then combined to
produce virtual monoenergetic volumetric image data.

[0011] Spectral CT data, and in particular dual energy (e.g. kVp switching) data can be used to derive material infor-
mation about a scanned object by means of so-called material decomposition. Material decomposition is possible because
there exist two primary attenuation phenomena in the diagnostic X-ray energy range: Compton scattering and photoe-
lectric absorption, and wherein the material-dependent attenuation coefficients for each vary differently with respect to
the X-ray energy that is used. By irradiating an object with at least two different energies, it is thus possible to decompose
the material properties of the object.

[0012] Material decomposition is a computationally demanding procedure and, for this reason, it is usually handled
using a pre-computed lookup table (LUT) for mapping obtained CT projection data values to material decomposed data
values. However, a problem with this approach is that, in practice, the actual spectrum of the X-ray radiation during a
scan can vary in dependence upon a number of scan parameters which are sometimes difficult to robustly control. For
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example, voltage ripple can occur, or the tube current may be deliberately modulated as part of dose modulation. If the
current or voltage changes, the properties of the X-ray spectrum change. In this scenario, the standard approach of pre-
computing a respective LUT for every possible spectrum becomes infeasible.

[0013] Thus, improvements in the field would be of value, in particular capable of ameliorating the problem of varying
X-ray source energy properties when acquiring dual-energy (e.g. kVp-switching) scan data used for a material decom-
position, but without significantly increasing the computational complexity of the material decomposition process.

SUMMARY OF THE INVENTION

[0014] The invention is defined by the claims.

[0015] According to examples in accordance with an aspect of the invention, there is provided a method for use in a
material decomposition procedure for application to a set of dual-energy CT projection data acquired over a CT scan
period, the method comprising:

obtaining an indication of a variation range of a defined X-ray source parameter over the course of the CT scan period;
accessing a datastore storing one or more of sets of first lookup tables (LUTs), each first LUT defining a mapping
from CT projection data values to corresponding material data values, and each respective set associated in the
datastore with a particular variation range of the X-ray source parameter;

performing a selection procedure comprising selecting a set of the LUTs in the datastore, wherein the selection is
determined based on the obtained range for the X-ray source parameter;

defining a linear combination of the first LUTs selected in the selection procedure, the weightings for each of the
LUTsin the linear combination being dependent atleastin parton instantaneous values of the X-ray source parameter
over the course of the scan, the linear combination for application to the CT projection data set for performing a
material decomposition procedure;

generating a data output representative of the defined linear combination.

[0016] The X-ray source parameter referred to above may for example be an X-ray tube current, an X-ray dose, or
tube voltage for example.

[0017] The generated data output is indicative of the selected LUTs, and the coefficients or weightings for the LUTs
in the linear combination. Thus, the output of the method in a simplest embodiment may be simply a representation of
the determined linear combination of LUTs which should be applied to input dual-energy CT projection data in order to
derive the material data.

[0018] Embodiments of the present invention are based on the realization of the inventors that the spectrum change
during acquisition of scan data can be compensated for in the material decomposition process by using a linear combi-
nation of two (or more) lookup tables (LUTs) to improve the decomposition accuracy. In particular, the inventors have
made the surprising discovery that the correct LUT for scan data acquired with a varying X-ray source energy parameter
can be well approximated by a linear combination of justtwo LUTSs. This was discovered by applying a principal component
analysis (PCA) to a series of LUTs which are configured for mapping projection data acquired at fixed values of a relevant
X-ray source parameter, where the series of input LUTs span the complete range of values over which the parameter
is estimated to vary during acquisition of the dataset. The PCA revealed that the root mean square error associated with
a linear combination of just two principle component LUTs derived from the PCA procedure was almost two orders of
magnitude lower than use of just a single principle component LUT.

[0019] Thus, in embodiments of the invention, the datastore stores a set of pre-computed basis LUTs, which represent
the best basis LUTs for use in linear combinations for different ranges of the X-ray source parameter. These are for
example different principal component LUTs derived in advance by applying a PCA procedure to different series of
single-energy LUTs spanning different ranges of the X-ray source parameter. The selection procedure comprises se-
lecting a respective set of these basis LUTs based on the range over which the X-ray source parameter varies during
the scan. The datastore may further include appropriate weightings for the two LUTs.

[0020] Although a linear combination of two LUTs is referred to above, a linear combination of more than two can be
used in further examples.

[0021] In accordance with one or more embodiments, the method may further comprise: receiving input dual-energy
CT projection data; and performing a material decomposition procedure comprising application of said linear combination
of LUTs to the received projection data.

[0022] In this set of embodiments, the method further comprises the step of actually deriving the material data by
applying the determined linear combination of LUTs, with the determined weightings, to a set of input dual-energy CT
projection data. Preferably, this is done by separately applying each of the selected LUTs forming the linear combination
to the input CT projection data, and then combining the results with the defined weightings (or coefficients) of each of
the LUTs. This is computationally the least demanding. However, it is an alternative option to combine the LUTs first
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into a single composite LUT based on their respective weightings, and then apply the composite LUT to the input CT data.
[0023] This process may further comprise computing the weightings in dependence upon instantaneous values of the
X-ray source parameter at each acquisition time point of the projection data sequence.

[0024] Inaccordance with one or more embodiments, the LUTs in the datastore are based on a pre-computed principal
component analysis (PCA) procedure applied to one or more sets of further LUTs, each further LUT for mapping CT
projection data values acquired with a different respective fixed value of the X-ray source parameter to corresponding
material data values, and each of the one or more sets comprising further LUTs spanning different respective ranges
of values of the X-ray source.

[0025] Thus, the LUTs in the datastore may be pre-computed principal component LUTs derived from prior application
of a PCA procedure. In this case, the datastore essentially provides a set of basis LUTs which have been determined
in advance from a PCA procedure as those being best for each of a set of one or more different ranges of the X-ray
source parameter.

[0026] In some embodiments, the datastore may further store a respective weighting function associated with each
first LUT, the weighting function defining the weighting coefficient to apply to the LUT in any linear combination, and the
weighting function being dependent upon an instantaneous value of the X-ray source parameter at a given time point
in the scan period.

[0027] In some examples, each weighting function may represents a further output of the same PCA procedure of
which the corresponding LUT in the datastore is an output.

[0028] In accordance with one or more embodiments, the defined linear combination comprises a first and second set
of weighting coefficients applied to each of the two LUTs forming the linear combination, wherein the first set of weighting
coefficients is dependent upon the X-ray source parameter values, and the second set of weighting coefficients are
determined based on a further input.

[0029] The second set of weighting coefficients allow for dedicated pre-weighting of the LUTs. This can be used to
put more weight on certain parts of the CT X-ray source parameter range, e.g. parts which are used "more often" than
others in clinical routine. The second set of weighting coefficients may for example be determined using an algorithm,
they may be pre-stored in a memory, or they may be set based on a user input.

[0030] A further aspect of the invention provides a method of generating a dataset for use in a material decomposition
procedure, the material decomposition for application to a set of input dual-energy CT projection data acquired over a
scan period. The material decomposition procedure is a method which comprises applying a linear combination of at
least two LUTs to CT projection data values to obtain material data values. The method itself is for generating a dataset
of basis LUTs for use in forming said linear combinations.

[0031] The method comprises:

accessing a further datastore storing a set of further LUTs, each defining a mapping from CT projection data values
to corresponding material data values, and wherein each of the plurality of further LUTs in the datastore is configured
for mapping projection data acquired with a different respective fixed value of said defined X-ray source parameter;
performing, for each of one or more different ranges of said X-ray source parameter, a principal component analysis
(PCA) procedure, wherein the inputs to the PCA are an identified subset of the further LUTs in the further datastore
configured for X-ray source parameter values which fall within the respective range of values, and the PCA configured
to provide an output of two or more principal component LUTs, and

generating a dataset comprising a record of each of the derived one or more sets of principal component LUTs, and
the associated range of values of the X-ray source parameter to which it corresponds.

[0032] This aspect of the invention provides a method for pre-computing appropriate pairs of material decomposition
LUTs to be used in the linear combinations for different possible ranges of the X-ray source parameter. The dataset
generated by this method can be consulted as part of the main method set out above.

[0033] In advantageous examples, the PCA procedure may be configured to provide an output of exactly two principal
component LUTs. The reduction in residual error when moving from one principal component LUT to two is nearly two
orders of magnitude, whereas the move from two to three LUTs represents only a very modest further reduction in
residual error.

[0034] Inadvantageousembodiments,the PCA procedureis furtherconfigured to outputa respective weighting function
associated with each of the principle component LUTs, the weighting function defining the weighting coefficient to apply
to the LUT in any linear combination. The weighting function may be dependent upon an instantaneous value of the X-
ray source parameter at a given time point in the scan period.

[0035] A further aspect of the invention also provides a method comprising a combination of the above method, and
the method according to claim 1. These may be performed in sequence, with the method for generating the lookup table
performed as a setup phase, in advance of the material decomposition method of claim 1.

[0036] Examples in accordance with a further aspect of the invention provide a computer program product comprising
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computer program code, the computer program code being executable on a processor or computer, wherein the code
is configured to cause the processor to perform a method in accordance with any example or embodiment outlined
above or described below, or in accordance with any claim of this application.

[0037] Examples in accordance with a further aspect of the invention provide a processing arrangement for use in a
material decomposition procedure for application to a set of dual-energy CT projection data acquired over a scan period,
the processing arrangement adapted to:

obtain an indication of a variation range of a defined X-ray source parameter over the course of the CT scan period;
access a datastore storing a one or more of sets of first lookup tables (LUTs), each first LUT defining a mapping
from CT projection data values to corresponding material data values, and each respective set associated in the
datastore with a particular variation range of the X-ray source parameter;

perform a selection procedure comprising selecting a set of the LUTs in the datastore, wherein the selection is
determined based on the obtained range for the X-ray source parameter;

define a linear combination of the first LUTs selected in the selection procedure, the weightings for each of the LUTs
in the linear combination being dependent at least in part on instantaneous values of the X-ray source parameter
over the scan period, the linear combination for application to the CT projection data set for performing a material
decomposition procedure; and

generate a data output indicative of the defined linear combination.

[0038] In some examples, the processing arrangement may comprise the datastore.

[0039] The processing arrangement may be further adapted to perform the material decomposition by: receiving a set
of dual-energy CT projection data as an input; and performing a material decomposition procedure comprising application
of said linear combination of LUTs to the received projection data.

[0040] The LUTs inthe datastore may be based on results of a principal component analysis (PCA) procedure applied
in advance to one or more sets of further LUTSs, each further LUT for mapping CT projection data values acquired with
a respective fixed value of the X-ray source parameter to corresponding material data values, and the one or more sets
comprising further LUTs spanning different respective ranges of values of the X-ray source parameter.

[0041] These andotheraspects of the invention willbe apparentfrom and elucidated with reference to the embodiments)
described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] Fora better understanding of the invention, and to show more clearly how it may be carried into effect, reference
will now be made, by way of example only, to the accompanying schematic drawings, in which:

Fig. 1 is a block diagram of steps of an example method according to one aspect of the invention;

Fig. 2 shows the comparative residual error from using different numbers of principal component LUTs;

Fig. 3 illustrates weighting coefficients derived from a PCA procedure for use in combining basis LUTs derived from
the PCA procedure;

Fig. 4 illustrates application of an example PCA procedure for deriving a set of principal component LUTs; and
Fig. 5 is a block diagram of steps of an example method according to a further aspect of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0043] The invention will be described with reference to the Figures.

[0044] It should be understood that the detailed description and specific examples, while indicating exemplary em-
bodiments of the apparatus, systems and methods, are intended for purposes of illustration only and are not intended
to limit the scope of the invention. These and other features, aspects, and advantages of the apparatus, systems and
methods of the present invention will become better understood from the following description, the claims, and accom-
panying drawings. It should be understood that the Figures are merely schematic and are not drawn to scale. It should
alsobe understood that the same reference numerals are used throughout the Figures to indicate the same or similar parts.
[0045] The invention provides a method for use in a material decomposition procedure applied to dual-energy CT
projection data. Material decomposition is often done using pre-computed lookup tables (LUTs) for mapping input at-
tenuation projection data, acquired with particular X-ray source parameters, to material data values. However, the X-
ray source parameters can vary over the course of a scan, making the results inaccurate. Embodiments are based on
determining in advance a plurality of sets of basis LUTs for each of a plurality of different possible ranges of values over
which the X-ray source parameter may vary during a scan. The basis LUTs in each set are devised as being LUTs which
represent the majority contribution to the overall material decomposition function for the time-varying energy spectrum.
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When performing a material decomposition procedure, an appropriate set of the basis LUTs is chosen, based on an
identified range of variation of the X-ray source parameter during the scan, and a linear combination of the basis LUTs
is defined, using weightings which depend upon instantaneous values of the X-ray source parameter during the scan
period.

[0046] To perform a material decomposition from first principles typically involves using a forward model which models
the expected photon counts in different photon energy windows (bins) or expected integrated photon energies for different
acquisition parameters such as kVp at each pixel of the X-ray detector as a function of a certain set (basis) of materials
and their respective equivalent path lengths in the scanned material. This is based on modelling the scanned object as
a composition of two or more base materials (such as pure photo-electric and a pure Compton material) and based on
amodel of the CT system - in particular its source spectrum and its energy-dependent detector response. To decompose
the projection data of an object, this forward model can be inverted to determine the material path lengths of each of
the basis materials based on the spectral (i.e. multi-energy) projection data. This is a computationally demanding process,
and hence, for a known source X-ray energy spectrum, the calculations for different X-ray detector measurements
(projection data) can be computed in advance and the results stored in a simple Lookup Table (LUT) which permits
straightforward mapping from a set of input X-ray projection data values to a set of material values. The material values
may for example be material paths lengths for two or more different basis materials, or path lengths for scatter and
photoelectric effect contributions to material attenuation. This will be explained in greater detail to follow.

[0047] However, as discussed, the parameters of the energy output of the X-ray source (e.g. X-ray tube) can vary
over the course of a data acquisition window, and thus a LUT which has been pre-computed for a single X-ray source
energy spectrum will no longer be fully accurate. Reference to the X-ray source parameter in this context means for
example a parameter of the X-ray source energy spectrum. In some examples it may represent X-ray dose. In some
examples, it may represent X-ray tube current. The variation can arise due to natural random fluctuations but can often
also vary due to deliberate modulations. For example, some CT scanning protocols perform dose modulation, wherein
the current of the X-ray tube is varied, either to reduce to overall radiation dose to the subject, or to maintain image
quality by varying the current dependent upon the signal-to-noise ratio to maintain constant signal to noise ratio.
[0048] Due to the variation of the source parameter, to perfectly map the input CT projection data values to material
data would require a dedicated LUT for each and every possible X-ray spectrum, through all possible variations as a
function of time. In practice, this is not feasible.

[0049] The solution proposed by embodiments of this invention is based on the insight that the spectral changes of
the X-ray source during an X-ray CT scan using a dual-kV (e.g. kVp switching) protocol can be well represented using
a linear combination of only a few basis spectra. This provides for the possibility of approximating a full material decom-
position function (represented by an LUT) for a particular set of projection data, acquired with a particular X-ray spectrum
variation, with a linear combination of just a few (e.g. two) basis functions (basis LUTs). The basis LUTs which are most
appropriate will typically depend on the total range over which the relevant X-ray source parameter varies in the course
of the data acquisition. The weightings for the basis LUTs in the linear combination may depend upon the real-time value
of the X-ray source parameter at a given time in the scan. In other words, for a whole projection data stream (covering
a data acquisition window) for which the X-ray source parameter stays at all times within a defined range of variation,
a same common set of basis LUTs may be used for the linear combination, but wherein the particular weightings applied
to those basis LUTs in the linear combination at a given time point during the scan is determined based on the value of
the parameter at that given time.

[0050] By way of illustration, a case may be considered in which the X-ray source energy spectrum changes due to
tube-current modulation. Material decomposition can be written in general as:

ms(pn,o¢) = F(pnouc)

Mp(Pr P ¢) = F(Pr o c)

where p,, p, refer to the X-ray detector readings or measurements at the high and low tube voltage levels (kV) of the
particular kVp-switching protocol. These values thus correspond to the projection data values in this example. They may
correspond to the raw detector readings, or they may be the readings following one or more pre-processing steps to
‘clean’ the data. For example, the raw data may be corrected for different detector gains, cross-talk between pixels, off-
focal radiation, scatter radiation and various other factors. Optionally, some noise reduction may also be performed
before material decomposition.

[0051] The values my, my refer to the desired material data values. In this example, two values are obtained related
respectively to the photoelectric effect and Compton scatter contributions to the attenuation (see discussion above).
More particularly, these values may refer to the line integrals for each of the Compton scatter and photoelectric effect.
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This means the effective path length through the scanned object of the relevant contribution factor, optionally further
multiplied by the attenuation coefficient. By way of further explanation, X-ray attenuation by an object (in the absence
of materials with a k-edge in the relevant spectrum) is a combination of photo-electric absorption and scattering (dom-
inantly Compton, but also in part Rayleigh). As will be known by the skilled person in the art, a process of material
decomposition can refer to, in a more basic form, simply the separation of the observed attenuation into pure photoelectric
and pure scatter contributions. This is based on a model representation of the object as comprising (hypothetical)
materials which have only one of the attenuation mechanisms. Conceptually, for decomposing the object, there is simply
aneed for two components which attenuate differently. Material decomposition into scatter and photoelectric contributions
can be useful for various subsequent computations. In other examples however, the obtained material data values may
instead be values relating to each of two or more basis materials (e.g. water and calcium, water and iodine, Teflon and
iron, etc.).

[0052] The value c refers to the X-ray source parameter, e.g. the tube current.

[0053] ThevaluesF,, Fp represent the decomposition function that is currently pre-computed and represented in LUTSs.
The concept according to embodiments of the present invention is to approximate the decomposition by a linear com-
bination of two pre-computed functions. For each of the scatter and photoelectric contributions, this may be written for
example as

Ms(pp,pu¢) = a1()Fs1(pr 1) + a2(c)Fs, (n p1)

My(Prpuc) = bi(c)Fy1(Pr o) + by ()2 (Pr 1)

[0054] The functions F 1(pop,)),Fs2(Pn P1).Fp1(PnP1),Fp 2(Prp)) correspond to basis functions. In the context of em-
bodiments of the present invention, the basis functions are represented by basis Lookup Tables (LUTS).

[0055] Each of the weighting coefficients a4(c), as(c), b4(c), bo(c) are also functions, in this case dependent upon the
instantaneous X-ray source parameter value (i.e. the tube current in this example).

[0056] Fig. 1 outlines the basic steps of an example method 10 according to a first aspect of the invention. This method
relates to a routine or procedure to be performed as part of a material decomposition procedure. The method is primarily
intended for application to dual energy CT projection data (e.g. projection data acquired from a kVp-switching CT scan
protocol). To take advantage of the insights mentioned above, the method accesses a datastore 22 which stores pre-
computed basis lookup tables, which are known to be appropriate for best representing the material decomposition
function for different defined ranges of variation of an X-ray source parameter (such as X-ray dose or X-ray current).
[0057] The method 10 comprises obtaining 12 an indication of a variation range of a defined X-ray source parameter
over which said set of CT projection data was acquired. For example, the relevant CT projection data may be a projection
data stream comprising a series of X-ray detector measurements at high and low tube voltages, at different projection
angles, for each of a series of time points throughout the scan period. At each time point in the projection data stream,
there is a known instantaneous value of the relevant X-ray source parameter (e.g. tube current). Over the whole period
covered by the relevant projection data stream (which may be an entire scan, or just a portion of a scan, e.g. a portion
relating to a particular slice), the instantaneous value of the X-ray source parameter may vary between an upper value
and a lower value, the difference between said upper value and lower value defining a variation range over which the
X-ray source parameter varies during the course of the data acquisition (or scan) period. The reference to the range of
X-ray source parameter values over which the data was acquired means the range of values over which the X-ray source
parameter varied over the course of acquisition of the CT projection data.

[0058] The method further comprises accessing a datastore 22 storing one or more sets of first lookup tables (LUTSs),
each first LUT defining a mapping from CT projection data values to corresponding material data values, and each
respective set associated in the datastore with a particular variation range of the X-ray source parameter. With reference
to the material data values, we refer to the explanations above which outlined various examples for the type of material
data which may be obtained. Others are also possible, as will be known by the skilled person. The first LUTs may be
referred to as basis LUTs. They are for forming the basis of linear combinations of LUTs to be used for generating
material data values. Each set of the first LUTs corresponds to a particular possible variation range of the X-ray source
parameter.

[0059] The first LUTs are compiled in a dataset stored on the datastore. The data structure of the dataset can vary.
It may comprise a composite lookup table or array, wherein each element of this data structure is populated by the
lookup tables forming a respective set, in combination with the relevant range of values of the X-ray source parameter
to which it corresponds. In other examples, each LUT may form a separate element in a data structure, such as a table
or array, and each comprising a data pointer or reference to a particular range of X-ray source parameter values (where
these may be stored in a further table or array) permitting direct lookup of the relevant set of the LUTs, based on a range
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of the X-ray source parameter.

[0060] The dataset of LUTs in the datastore 22 can be queried to retrieve a particular set of LUTs based on a known
range of values of the X-ray source parameter.

[0061] In a preferred set of embodiments, each set of basis LUTs comprises two LUTs. Each set in this case is a pair
of basis LUTs. However, this is not essential, and each set may comprise more than two basis LUTs in further examples.
[0062] The method further comprises performing a selection procedure comprising selecting a set of the LUTs in the
datastore, wherein the selection is determined based on the obtained indication of the range for the X-ray source
parameter.

[0063] Where the range of the source parameter for the projection data set matches one of the ranges in the datastore,
the selection procedure may comprise simply querying the lookup table with the range, and retrieving the corresponding
set of basis LUTs. If the range of values does not match one of the ranges in the table, the selection procedure may
comprise for example selecting the set of LUTs for the closest range to the one identified for the projection data, or
selecting the two closest sets either side of the identified range.

[0064] The method further comprises defining a linear combination of the first LUTs selected in the selection procedure.
The weightings for each of the LUTs in the linear combination being dependent upon an instantaneous value of the X-
ray source parameter. The resulting linear combination is for application to the CT projection data set for performing a
material decomposition procedure.

[0065] The method further comprises generating a data output indicative of the defined linear combination.

[0066] The weighting coefficients for each of the LUTs in the linear combination may be functions, where the functions
may be dependent upon an instantaneous value of the X-ray source parameter. As explained above, the CT projection
data may comprise a data stream, covering a data acquisition scan period, and wherein an instantaneous value of the
X-ray source parameter is known for each given time point. Thus, when executing the material decomposition, the
relevant weightings for the basis LUTs can be computed for each set of projection data values for each data acquisition
time point.

[0067] If the weightings comprise weighting functions, these may also be stored in the datastore, each weighting
function being associated or linked in the datastore to the relevant LUT to which it corresponds.

[0068] In some examples, the linear combination comprises a first and second set of weighting coefficients applied to
each of the two or more LUTs forming the linear combination, wherein the first set of weighting coefficients is dependent
upon an instantaneous value of the X-ray source parameter, and the second set of weighting coefficients is determined
based on a further input. The second set of weighting coefficients allow for dedicated pre-weighting of the LUTs. This
can be used to put more weight on certain parts of the CT X-ray source parameter range, e.g. parts which are used
"more often" than others in clinical routine. In different examples, the second set of weighting coefficients may be
determined using an algorithm (so that the further input is provided by the output of the algorithm), they may be pre-
stored in a memory, or they may be set based on a user input.

[0069] In some embodiments, the method may further comprise executing the material decomposition by receiving
input dual-energy CT projection data; and performing a material decomposition procedure comprising application of said
linear combination of LUTs to the received projection data.

[0070] This process may further comprise computing the weightings in dependence upon instantaneous values of the
X-ray source parameter at each acquisition time point of the projection data sequence.

[0071] In some examples, the material decomposition may be performed in real time with data acquisition. The pro-
jection data may be received in real time as a data stream. The data stream may include a time series of projection data
values, each tagged with an indication of an instantaneous value of the X-ray source parameter value during acquisition
of the projection data values.

[0072] During material decomposition, each of the LUTs of the linear combination may be applied separately to the
projection data, and the results subsequently combined according to the weightings specified in the defined linear
combination.

[0073] In a preferred set of embodiments, the first LUTs (or basis LUTs) stored in the datastore for each range of
values of the X-ray source parameter may be pre-determined or pre-computed based on a principal component analysis
(PCA) procedure. In particular, the LUTs in the datastore may represent results of a principal component analysis (PCA)
procedure applied in advance to one or more sets of further LUTs, each further LUT for mapping CT projection data
values acquired with a respective fixed value of the X-ray source parameter to corresponding material data values, and
each of the one or more sets of further LUTs including further LUTs spanning a different respective range of values of
the X-ray source parameter.

[0074] Principal component analysis (PCA) is a mathematical technique which is able to identify one or more linear
combinations of a set of input channels or vectors which are statistically uncorrelated with one another. The output is a
set of output channels which represent the extracted principal components of which the input channels are each partially
formed.

[0075] Statistical correlation is a term of the art. In particular, statistical correlation is a well-defined term in the field
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of mathematical statistics. Two random variables X and Y are statistically uncorrelated if the expected value of their
product is equal to the product of their expected values.

[0076] By applying PCA to a set of LUTs spanning a series of different X-ray source parameter values over the range
of variation of the parameter, there is obtained a reduced set of principal component LUTs which each corresponds to
a linear combination of the original single-parameter-value LUTs. When performing the material decomposition, a linear
combination of these principal component LUTs can then be used to represent an approximation of the decomposition
LUT for the full scan, with time-varying X-ray source parameter value.

[0077] Details of a suitable principal component analysis method which may be applied will be immediately recognized
by the skilled person. By way of example, details of one suitable PCA method is outlined in the paper: Manfred Fuchs,
et al, "Improving source reconstructions by combining bioelectric and biomagnetic data", Electroencephalography and
Clinical Neurophysiology, Volume 107, Issue 2, 1998, Pages 93-111. The principal component analysis procedure
outlined in this paper is a singular value decomposition (SVD) method which is one example of a PCA approach. Further
details on singular value decomposition (SVD) can be found for example in: https://en.wikipe-
dia.org/wiki/Principal_component_analysis#Singular_value_decomposition_

[0078] It has been found by the inventors that the root mean square error associated with a linear combination of just
two principle component LUTs derived from a PCA procedure applied as described was almost two orders of magnitude
lower than use of just a single principle component LUT.

[0079] With reference again to the example outlined above, a material decomposition can be expressed in general as

Ms(Pr,P¢) = F(pn o c)

my (Prpuc) = Fp (Pr D1 €)

where mg and m,, represent the Compton Scatter and photoelectric effect line integrals. As discussed above, decom-
position can also be performed into specific material contributions. The functions, Fg and Fp represent decomposition
lookup tables (LUTs) which map projection data values, p,, p, into the material data mg and m,. The LUTs Fg and Fp
are pre-computed for mapping projection data values to material values for an assumed fixed value of each the X-ray
source parameters (e.g. tube current).

[0080] For each of a series of possible fixed values of a particular X-ray source parameter, there may be at least one
different pre-computed decomposition LUT, F,, where a represents or indexes the value of the X-ray source parameter.
[0081] Fora predicted range of variation, 4a, of the X-ray source parameter over an acquisition period, a PCA procedure
can be applied to reduce the set of different LUTs, F,, to a set of principal component LUTs, F .. Preferably the set of
principal component LUTs is a pair of principal component LUTs, F,, 4, F 4, »- These may be pre-computed using a PCA
procedure applied for each of a plurality of different ranges, 4a, of the X-ray source parameter, resulting in a plurality of
sets of basis LUTs, F,,, for different possible ranges of the X-ray source parameter. These sets may be stored in the
datastore 22 as the sets of first LUTs (or basis LUTSs) referred to previously, and each associated in the datastore with
the respective range of values, 4a, of the X-ray source parameter to which it corresponds.

[0082] The output of the PCA procedure is not only the principal component LUTs, F .., but also weighting functions,
w(a), for each of the principal component LUTs. The weighting functions are dependent upon an instantaneous value
of the X-ray source parameter a. The weighting functions derived for a given parameter value range, 4a, may be stored
in the datastore 22 in addition to the set of basis LUTs for the parameter range.

[0083] In operation of the method 10, the weighting coefficients for the LUTs forming the linear combination may be
output as the weighting functions retrieved from the table. When executing the material decomposition itself, using the
linear combination, the weighting coefficients at each time point of the CT projection data stream may be determined
based on each instantaneous value of the X-ray source parameter at that time.

[0084] By way of more detailed explanation, a PCA algorithm in general processes a set of input channels and provides
as an output a set of output channels, which are formed of respective linear combinations of the input channels. The
PCA may output a vector of the output channels. In the context of embodiments of the present invention, the input
channels are the decomposition LUTs, F,, for mapping projection data acquired with respective fixed values, a, of the
X-ray source parameter. The output channels are the reduced set of basis LUTs to be used for the linear combinations
in the material decomposition.

[0085] In preferred examples, the principal component analysis (PCA) comprises a singular value decomposition
(SVD) procedure. SVD is an example of a PCA procedure. As noted above, a suitable a SVD procedure for application
forembodiments of the presentinvention is outlined in the paper: Manfred Fuchs, et al, "Improving source reconstructions
by combining bioelectric and biomagnetic data", Electroencephalography and Clinical Neurophysiology, Volume 107,
Issue 2, 1998, Pages 93-111.
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[0086] In vector/matrix form, an SVD procedure computes

A =UZV*

with A being a matrix with n rows and m columns containing as row-vectors the LUTs, with n being the number of different
values of the X-ray source parameter over the particular parameter range, and m being the number of entries in each
LUT, i.e. the number of different input projection data values that the LUT in each row can map to corresponding material
values. In the present case n<m and the rank of M is n. What is sought as an output from the SVD is a low-rank
approximation, A’, of A. A low rank approximation means that A’ has rank n’« n (for instance n ’=2). Specifically, the
matrix A may be written as

11 Q12 Q13 Q4 Q15 . Qim
Qz1 Az Qpz Q4 Qps ... Odpm
A= G31 a3z a3z Azqs Q35 ... Ud3m =UZV”

Qn1 Qpz Qp3  Qpg  Aps Anm
Upp Uz Ups Un\ /o, 0 0 0 O Vi; Vip Vi3 Vig Vi .. Uiy
Upr Uz Ups Uon 0 oo 0 0 O Vi1 Vsy Vi3 Viy Vs . Vo
=| U31 U3z Uszs Usn 0 0 o3 0 O V3 U3y v Vim
: 0 0o 0 =~ 0 : :
Un1 Unz  Un3 Unn 0 0 0 0 o, U;le U,:Z U;fL3 U;fL4 U; 5 e 'U;Lm

where the usual convention applies that the singular values o4, o, ..., 0, are all positive and ordered oy > 0, > 03 > -
> o, The low-rank approximation is obtained by setting small singular values to 0. For instance, if seeking an approxi-
mation of rank 2, all g;, i > 2, are set to 0 and the following is obtained

I I I I r I
Qi1 @1z 13 Gyq Qg5 . Qim
I I I I r I
Qp1 Qpp Gz Qpq GQps .o Opm
I 7 7 7 7 I 7
A'=|az azp azp a4z dzg .. Gy
I I I I r I
Qn1 Qnz2 Qpz Qpg Qps - Opm
* * * * * *
U1 U2 Uz o Ugp g 0 0 0 O Vi1 Viz Vi3 Via Vis . Vim
* * * * * *
U1 Uzp Uz - Upp 0 o, 0 0 OYfV2r Va2 V23 Va Va5 - Vom
=| Uz1 U3z Uszz Usn 0 0 0 0 O0]|vy vip .. Vim
: : 0 0 0 - 0 : :
Upi Upsz Unz o Upn 0 0 0 0 0/ \vyy vn, Vng Vg Vps o VUnm
u u u o u - * * - * *
11 12 13 in 0'11711 0-11712 01U13 01U14 0'11715 U]_Ulm
u u u u x x x x * *
21 ez 23 2n N[ 02Vp1 O3V OpVz3 O3Vp4 OpVp5 .. O3Vpp
=| Us1 Usz Us3 Uzn 0 0 0 0 0 0
Upn1 Unz  Ups Unn 0 0 0 0 0 0 0
U Up
U1 Uz * * * * * *
| way us <0'1U11 01V12 0O1V33 O01V14 01Vi5 ... O01Vip )
- * * * * * *
: : 02Vz1 02V 03Vp3 O02Vp4 02V35 ... 02V
Un1  Un2

*
[0087] The row vectors of the right matrix (containing the elements lvU ) can be interpreted as new LUTSs, which
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are linearly combined (with weights Ujg, ujz) in order to get the approximated LUT for the jth source parameter.

[0088] Fig. 2 and Fig. 3 illustrate results of application of an example PCA procedure to a set of LUTs, F,, for fixed
values of the X-ray source parameter, a, which span a particular range 4a. It is possible to configure the SVD procedure
to reduce the set of single-value LUTs F, spanning a particular range 4a to different numbers of principal components.
It has been found by the inventors that the root mean square error associated with a linear combination of just two
principle component LUTs was almost two orders of magnitude lower than use of just a single principle component LUT.
This is illustrated schematically in Fig. 2 which shows the root mean square error associated with the PCA procedure
reduced from &, = 0.6% for a PCA deriving one principal component LUT to 8, = 0.0018% for a PCA deriving two principal
component LUTs. Thereafter, the drop in the error is smaller. Thus, use of at least two principal component LUTs is
sufficient to achieve a very good approximation of the 'true’ decomposition function for projection data with a time-variant
value of the X-ray source parameter.

[0089] Fig. 3 shows the weighting coefficients (y-axis), also derived from the principal component analysis, that should
be used to combine the two principal component (basis) LUTs for a desired X-ray source parameter (x-axis).

[0090] In particular, Fig. 3 shows a graphical representation of the compressed matrix U, where gray dots represent
the first column vector (uq4, Ugy, Usg, ..., Uyq)T @nd black squares represent the second column vector (Uyy, Usy, Usy, ...,
un2)T-

[0091] Itis noted that the above procedure is configured for a discrete number of source parameter values. However,
since the LUTs change slowly with the source parameter, an approximation to the LUT for any value of the source
parameter inside the interval 4a may be obtained by interpolation between rows of the matrix U.

[0092] Fig. 4 illustrates application of the PCA procedure to a set of initial LUTs 54, each initial LUT 54 defining a
mapping from CT projection data values to corresponding material data values, and wherein each initial LUT is configured
for mapping projection data acquired with a different respective fixed value of a defined X-ray source parameter. In the
illustrated example, an arbitrary X-ray source parameter has been defined for purposes of illustration which varies
between values of 1 and 9. This might correspond for example to a tube current ranging from 100% to 50%. This is
illustrated by a graph 52 which shows the set of nine different settings for the arbitrary X-ray source parameter as points
on the graph, where the x-axis represents the value of the arbitrary parameter, and the y-axis represents the value of
the corresponding tube current, in percent. Fig. 4 shows graphical illustrations of four of the initial LUTs 54 for an example
selection of four of the possible X-ray source parameter values. The graphical illustrations of the LUTs are in the form
of color-chart triangles (grey-scale only illustration shown in Fig. 4). These effectively each provide a two-dimensional
visualization of one of the one-dimensional row vectors of matrix A described above. The x and y axes of the color charts
54 correspond to each of the two projection data values p,, p, discussed above and the color at each point in the chart
(in the full-color version) represents the material data value which the two projection data values aligned with that point
map to.

[0093] Fig. 4 further shows an example of a resulting two principal component LUTs 56a, 56b derived from application
of a PCA procedure to the set of nine initial LUTs spanning the nine different values of the arbitrary X-ray source
parameter. The two resulting principal component LUTs are each formed of a linear combination of the initial LUTs 54
and represent the best two basis LUTs for use in forming a subsequent linear combination of LUTs to use for material
decomposition applied to projection data obtained from a CT apparatus for which the arbitrary X-ray source parameter
had a range of variation over the course of the acquisition of from 1-9.

[0094] A further aspect of the invention may provide a method for initially generating the set of basis LUTs for each
of the different possible ranges for the X-ray source parameter.

[0095] One example method 30 according to one or more embodiments is outlined in block diagram form in Fig. 5.
The shown method is for generating a dataset for use in a material decomposition procedure, the material decomposition
for application to a set of input dual-energy CT projection data (e.g. kVp switching projection data) acquired over a scan
period. The material decomposition procedure is one which comprises applying a linear combination of at least two LUTs
to CT projection data values to obtain material data values. The method 30 according to this aspect of the invention is
for generating a dataset 44 of basis LUTs for use in forming said linear combinations.

[0096] The method 30 comprises accessing 32 a further datastore 42 storing a set of further LUTs, each defining a
mapping from CT projection data values to corresponding material data values, and wherein each of the plurality of
further LUTs in the datastore is configured for mapping projection data acquired with a different single value of said
defined X-ray source parameter.

[0097] The method 30 further comprises performing 34, for each of one or more different ranges of said X-ray source
parameter, a principal component analysis (PCA) procedure, wherein the inputs to the PCA are an identified subset of
the further LUTs in the further datastore corresponding to X-ray source parameter values which fall within the respective
range of values, and wherein the PCA is configured to provide an output of a set of at least two principal component LUTs.
[0098] The method 30 further comprises generating 36 a dataset 44 comprising a record of each of the sets of principal
component LUTs derived from the PCA procedure, and the associated range of values of the X-ray source parameter

1"



10

15

20

25

30

35

40

45

50

55

EP 4 008 260 A1

to which it corresponds.

[0099] Details relating to the implementation of the PCA procedure have been outlined above.

[0100] In accordance with one or more embodiments, the PCA procedure may be performed iteratively, and wherein
the procedure comprises application of an iterative reweighted least squares algorithm, wherein a result of a PCA
algorithm applied in each iteration is used to solve a weighted least squares problem. In particular, and as explained
above, the linear combination of the derived principal component (basis) LUTs for a given material decomposition
provides an approximation of the 'true’ material decomposition result which would be achieved were the time-varying
tube spectrum fully represented. The PCA seeks to minimize the root-mean-square (RMS) error of the approximation.
[0101] One approach is to use a singular value decomposition (SVD) approach (discussed above).

[0102] In one further set of examples, a minimization criterion that may be used is the p-norm (1<p < «). For p>2, the
resulting approximation has a smaller maximum error than that provided by the SVD. One approach to achieving this is
to use an iteratively re-weighted least squares method. This can provide for higher accuracy material decomposition for
small line integrals.

[0103] In accordance with one or more embodiments, the PCA procedure may include one or more pre-processing
steps to increase accuracy of the resulting principal component LUTs in estimating the material values for small input
projection data values. Starting with the set of the initial LUTs configured for X-ray source parameter values which fall
within a particular range of values, the steps may comprise first calculating a mean LUT from the set of LUTs for the
particular X-ray source parameter range. The steps further comprise normalizing each of the set of LUTs (i.e. the row
vectors of the matrix A discussed above) by the mean LUT. The steps further comprise applying the PCA procedure,
preferably in the form of an SVD procedure to derive the reduced set of principal component LUTs (the basis LUTSs).
The steps further comprise reversing the normalization of the resulting principal component LUTs by means of multipli-
cation with the previously computed mean LUT.

[0104] This effectively reduces the error relative to the mean, and makes the resulting set of principal component LUTs
more accurate for small projection data values.

[0105] Although use of a PCA procedure has been described in detailed examples above, use of PCA is not essential.
A different method might be used in further examples to derive basis LUTs to be used for forming the linear combinations
used in the material decompositions, for example independent component analysis.

[0106] Examples in accordance with a further aspect of the invention provide a processing arrangement adapted to
perform a method in accordance with any of the embodiments outlined above or described below, or as defined in any
of claim of this application.

[0107] The processing arrangement may comprise a communication module (or input/output). In some embodiments,
the processing arrangement may be adapted to communicate with a CT scanning apparatus using the communication
module, and adapted to receive input dual-energy CT data. In other examples, the input CT data may be received from
a local or remote datastore.

[0108] In some examples, the processing arrangement may comprise the datastore which is accessed in order to
define the linear combination of basis lookup tables.

[0109] The processing arrangement may be further adapted to receive the set of dual-energy CT projection data as
an input, and perform a material decomposition procedure comprising application of said linear combination of LUTs to
the received projection data.

[0110] Examples in accordance with a further aspect of the invention also provide a computer program product com-
prising computer program code, the computer program code being executable on a processor or computer, wherein the
code is configured to cause the processor to perform a method in accordance with any example or embodiment outlined
above or described below, or in accordance with any claim of this application.

[0111] Certain embodiments of the invention described above employ a processing arrangement. The processing
arrangement may in general comprise a single processor or a plurality of processors. It may be located in a single
containing device, structure or unit, or it may be distributed between a plurality of different devices, structures or units.
Reference therefore to the processing arrangement being adapted or configured to perform a particular step or task
may correspond to that step or task being performed by any one or more of a plurality of processing components, either
alone or in combination. The skilled person will understand how such a distributed processing arrangement can be
implemented. The processing arrangement includes a communication module or input/output for receiving data and
outputting data to further components.

[0112] The one or more processors of the processing arrangement can be implemented in numerous ways, with
software and/or hardware, to perform the various functions required. A processor typically employs one or more micro-
processors that may be programmed using software (e.g., microcode) to perform the required functions. The processor
may be implemented as a combination of dedicated hardware to perform some functions and one or more programmed
microprocessors and associated circuitry to perform other functions.

[0113] Examples of circuitry that may be employed in various embodiments of the present disclosure include, but are
not limited to, conventional microprocessors, application specific integrated circuits (ASICs), and field-programmable
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gate arrays (FPGAs).

[0114] In various implementations, the processor may be associated with one or more storage media such as volatile
and non-volatile computer memory such as RAM, PROM, EPROM, and EEPROM. The storage media may be encoded
with one or more programs that, when executed on one or more processors and/or controllers, perform the required
functions. Various storage media may be fixed within a processor or controller or may be transportable, such that the
one or more programs stored thereon can be loaded into a processor.

[0115] Variations to the disclosed embodiments can be understood and effected by those skilled in the art in practicing
the claimed invention, from a study of the drawings, the disclosure and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a plurality.
[0116] A single processor or other unit may fulfill the functions of several items recited in the claims.

[0117] The mere fact that certain measures are recited in mutually different dependent claims does not indicate that
a combination of these measures cannot be used to advantage.

[0118] A computer program may be stored/distributed on a suitable medium, such as an optical storage medium or a
solid-state medium supplied together with or as part of other hardware, but may also be distributed in other forms, such
as via the Internet or other wired or wireless telecommunication systems.

[0119] If the term "adapted to" is used in the claims or description, it is noted the term "adapted to" is intended to be
equivalent to the term "configured to".

[0120] Any reference signs in the claims should not be construed as limiting the scope.

Claims

1. A method for use in a material decomposition procedure for application to a set of dual-energy CT projection data
acquired over a CT scan period, the method comprising:

obtaining an indication of a variation range of a defined X-ray source parameter over the course of the CT scan
period;

accessing a datastore storing one or more of sets of first lookup tables (LUTs), each first LUT defining a mapping
from CT projection data values to corresponding material data values, and each respective set associated in
the datastore with a particular variation range of the X-ray source parameter;

performing a selection procedure comprising selecting a set of the LUTs in the datastore, wherein the selection
is determined based on the obtained range for the X-ray source parameter;

defining a linear combination of the first LUTs selected in the selection procedure, the weightings for each of
the LUTs in the linear combination being dependent at least in part on instantaneous values of the X-ray source
parameter over the scan period, the linear combination for application to the CT projection data set for performing
a material decomposition procedure;

generating a data output representative of the defined linear combination.

2. A method as claimed in claim 1, wherein the method further comprises:

receiving the set of dual-energy CT projection data as an input;
performing a material decomposition procedure comprising application of said linear combination of LUTs to
the received projection data.

3. A method as claimed in claim 1 or 2, wherein
the LUTs in the datastore represent results of a principal component analysis (PCA) procedure applied in advance
to one or more sets of further LUTs, each further LUT for mapping CT projection data values acquired with a
respective fixed value of the X-ray source parameter to corresponding material data values, and each of the one or
more sets of further LUTs including further LUTs spanning a different respective range of values of the X-ray source
parameter.

4. A method as claimed in claim 3, wherein the datastore further stores a respective weighting function associated
with each first LUT, the weighting function defining the weighting coefficient to apply to the LUT in any linear com-
bination, and the weighting function being dependent upon an instantaneous value of the X-ray source parameter
at a given time point in the scan period.

5. A method as claimed in claim 4, wherein each weighting function represents a further output of the same PCA
procedure of which the corresponding LUT in the datastore is an output.
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A method as claimed in any of claims 1-5, wherein the linear combination comprises a first and second set of
weighting coefficients applied to each of the two or more LUTs forming the linear combination, wherein the first set
of weighting coefficients is dependent upon the instantaneous value of the X-ray source parameter at a given time
point in the scan period, and the second set of weighting coefficients are determined based on a further input.

A method as claimed in any of claims 1-6, wherein the X-ray source parameter is X-ray dose, X-ray tube current,
or X-ray tube voltage.

A method of generating a dataset for use in a material decomposition procedure, the material decomposition for
application to a set of input dual-energy CT projection data acquired over a scan period,

wherein the material decomposition procedure comprises applying a linear combination of at least two LUTs to
CT projection data values to obtain material data values, and wherein the method is for generating a dataset
of basis LUTs for use in forming said linear combination;

the method comprising:

accessing a further datastore storing a set of further LUTs, each defining a mapping from CT projection data
values to corresponding material data values, and wherein each of the further LUTs is configured for mapping
projection data acquired with a different respective fixed value of a defined X-ray source parameter;
performing, for each of one or more different ranges of said X-ray source parameter, a principal component
analysis (PCA) procedure, wherein the inputs to the PCA are an identified subset of the further LUTs in the
further datastore configured for X-ray source parameter values which fall within the respective range of values,
and the PCA configured to provide an output of a set of two or more principal component LUTs; and
generating a dataset comprising a record of each of the derived sets of two or more principal component LUTs,
and the associated range of values of the X-ray source parameter to which it corresponds.

A method as claimed in claim 8, wherein the PCA procedure is configured to provide an output of exactly two principal
component LUTs.

A material decomposition method, comprising:

performing the method of claim 8 or 9; and
subsequently performing the method of any of claims 1-7, wherein the datastore of claim 1 stores the dataset
generated in claims 8 or 9.

A computer program product comprising computer program code, the computer program code being executable on
a processor or computer, wherein the code is configured to cause the processor to perform a method in accordance
with any of claims 1-10.

A processing arrangement for use in a material decomposition procedure for application to a set of dual-energy CT
projection data acquired over a scan period, the processing arrangement adapted to:

obtain anindication of a variation range of a defined X-ray source parameteroverthe course of the CT scan period;
access a datastore storing a one or more of sets of first lookup tables (LUTs), each first LUT defining a mapping
from CT projection data values to corresponding material data values, and each respective set associated in
the datastore with a particular variation range of the X-ray source parameter;

perform a selection procedure comprising selecting a set of the LUTs in the datastore, wherein the selection is
determined based on the obtained range for the X-ray source parameter;

define a linear combination of the first LUTs selected in the selection procedure, the weightings for each of the
LUTs in the linear combination being dependent at least in part on instantaneous values of the X-ray source
parameter over the scan period, the linear combination for application to the CT projection data set for performing
a material decomposition procedure;

generate a data output representative of the defined linear combination.

A processing arrangement as claimed in claim 12, wherein the processing arrangement comprises the datastore.
A processing arrangement as claimed in claim 12 or 13, further adapted to

receive the set of dual-energy CT projection data as an input; and
perform a material decomposition procedure comprising application of said linear combination of LUTs to the received

14



10

15

20

25

30

35

40

45

50

55

15.

EP 4 008 260 A1
projection data.

A processing arrangement as claimed in any of claims 12-14, wherein the LUTs in the datastore are based on results
of a principal component analysis (PCA) procedure applied in advance to one or more sets of further LUTs, each
further LUT for mapping CT projection data values acquired with a respective fixed value of the X-ray source
parameter to corresponding material data values, and the one or more sets comprising further LUTs spanning
different respective ranges of the X-ray source parameter values.
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